We investigate the Majorana neutrino mass matrix M ν with one parameter in the context of two texture zeros and its symmetry realization by non-Abelian discrete symmetry. From numerical calculation, we confirm that the textures (M ν ) 11,12 = 0 and (M ν ) 11,13 = 0 are consistent with the current experimental constraints, and show the correlations between non-zero elements of M ν . The ratios of non-zero elements of M ν are constrain in small regions, and we find simple examples of M ν with one real mass parameter. We also discuss symmetry realization of the mass matrix by the type-II seesaw mechanism based on the binary icosahedral symmetry A ′ 5 .
Introduction
The recent precise measurements for the neutrino sector indicate that the mixing angle θ 13 has finite non-zero value [1] [2] [3] [4] [5] . This fact indicates the modification of models such as Tri-Bi Maximal mixing [6] which derives θ 13 = 0. Several ideas to overcome this problem have been proposed so far, based on flavor symmetries [7, 8] , perturbation of Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix U P M N S from symmetric textures [10] , texture zeros of neutrino mass matrix M ν [11] [12] [13] [14] [15] , anarchy [16, 17] and vanishing minors of M ν [18, 19] etc.
For models of two texture zeros in M ν , with four independent parameters, it has been shown [13] that the following two patterns where × denotes non-zero matrix elements, require less fine-tuning of parameters to satisfy the current experimental bounds. Moreover it is discussed in Ref. [14] that if all parameters are real and if ratio of non-zero matrix elements are small integer (1 or 2), textures given in Eq. (1.1) with two independent parameters are in good agreement with the experimental data.
In this paper, we consider a mass matrix M ν with one real parameter in the case of textures Eq. where m is a mass parameter determined by experimental constraints of two mass-squared differences ∆m 2 21 and ∆m 2 31 of neutrinos. First we perform numerical calculation in the case of two texture zeros A 1 and A 2 with four real parameters, and find several candidates of M ν with one parameter by assuming that ratio of matrix elements are small real number (including integer). After that, we discuss symmetry realization of a candidate Eq.(1.2) by non-Abelian discrete symmetry A ′ 5 [20] . The A ′ 5 symmetry contains three-and five-dimensional irreducible representation 3 and 5, and the singlet 1 from their tensor product 3 · 5 · 3 = 1 + · · · enters all the elements of M ν with desired weights if one assigns 3 and 5 for neutrinos and Higgs bosons, respectively
1 .
This paper is organized as follows. In the next section, we perform numerical calculation of neutrino mass matrix M ν given in Eq.(1.1), and show allowed regions of non-zero matrix elements.
Several explicit forms of M ν with one real free parameter are also given. In Section 3, we discuss 1 In Ref. [9] , the A 5 symmetry is discussed which has similar feature. 2 One-parameter Texture of M ν
In this section, we first perform numerical calculation for Majorana neutrino mass matrix M ν with two zero entries in order to find textures with one real free parameter. Next, we give some examples of M ν with one parameter based on the numerical calculation and related quantities such as the PMNS matrix and mass squared differences. From a standpoint of flavor symmetry, it is preferable that ratios of non-zero elements of M ν are simple small real number.
Numerical Calculation in Two Texture Zeros
We assume two zero entries in M ν [12] in our numerical calculation. As discussed in Refs. [13] [14] [15] , if one includes the CP-violating phases, the textures given in Eq.(1.1) require less fine-tuning of parameters to satisfy the current experimental constraints given below, although seven patterns of M ν , such as A 1,2 , B 1,2,3,4 and C, 2 are consistent with the experiments [15] . Moreover if all parameters are real, the patterns A 1 and A 2 with two free parameters show good agreement with the experiments [14] . Two matrices in Eq.(1.1) are related to each other by the relation In order to find texture of M ν with one real free parameter, we perform numerical calculation in the following procedure;
1. We assume all parameters in M ν to be real, and choose the basis in which the left-handed charged leptons are mass eigenstates. The PMNS matrix U P M N S with vanishing CP-violating phases and neutrino mass eigenvalues (m 1 , m 2 , m 3 ) are defined as . Therefore we confirm that both the cases A 1 and A 2 are consistent with the current experimental bounds [13, 14] .
Next we discuss correlations between non-zero elements of M ν . Figure 2 shows the allowed re- 22 (right panel) for the case of A 2 . The symbols +, grey points and *
for the left (right) panel, respectively.
(M ν ) 33 /(M ν ) 22 plane (right panel) for the case of A 2 . In both panels, we have chosen the non-zero elements such that all experimental constraints Eq. (2.3) are satisfied. The symbols +, grey points and * 
From the numerical calculation above, we find some examples of M ν with one real free parameter m as listed in Table 1 for |(M ν ) 23 /(M ν ) 13 | ≃ 3 and in Table 2 Tables 1 and 2, matrices with different sign are also candidates of one-parameter M ν , such as ( In the next section, we discuss symmetry realization of the mass matrix 
Symmetry Realization
In this section, we discuss symmetry realization of the one-parameter texture Eq. Table 3 : The particle contents (a = 1 − 3 and A = 1 − 5).
Mass Matrices
Now we discuss symmetry realization of the texture given in Eq.(2.5) for neutrino mass matrix.
We consider the binary icosahedral symmetry A Therefore the A ′ 5 symmetry is preferable for the one-parameter texture. For the lepton sector, the particle contents are shown in Table 3 , where L a , e 
their tensor products are given by
From the particle contents shown in Table 3 and the multiplication rules Eq. (3.2), the A ′ 5
invariant Yukawa interactions are given by
where all indices are summed up in A ′ 5 invariant way in accordance with Eq(3.2). After the electroweak symmetry breaking by the VEVs of the Higgs fields defined by
, we obtain the following mass matrix
5 See Ref. [20] for the complete multiplication rules.
for neutrino sector, and
for charged lepton sector. If the Higgs fields obtain the following VEVs,
one finds that the mass matrices M ν and M e have the desired form
where
10) 
where 
Higgs Sector
As for the Higgs sector, the total Higgs potential is given in Appendix in symbolic form. Here we mention the tadpole conditions. The A ′ 5 invariant scalar mass terms are given by
Since the total A ′ 5 invariant potential does not have any accidental symmetry, our model does not suffer from the problem of massless Goldstone bosons.
By imposing the conditions for the VEVs Eq.(3.7), the tadpole conditions give the scalar masses
14)
wherẽ
i − 6λ (8) i + 36λ 
2 + κ
2 ,κ 8 = κ
8 + κ
8 .
(3.18)
The coupling constants λs, ǫs and κs are given in Appendix. In Eqs. listed in Table 1 can be realized by the A ′ 5 symmetry in similar fashion, with corresponding tadpole conditions.
Conclusions
We have studied neutrino mass matrix M ν with two texture zeros and its symmetry realization. 
